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Abstract
The aim of this investigation was to analyse the external workload, tactical individual actions of passing, and perceived
internal load during unbalanced small-sided games. Ball possession formats (4v3, 4v4 and 4v5) were played in three
different playing area dimensions (20 15m, 25 20m and 30 25m) by under-23 football players. Data were analysed
under opposition-based perspective, by fixing one team (4vX), and by cooperation-based perspective according to
teammates (4v2þX) for each playing area condition. GPS monitors were used to collect and compute external work-
loads (distance covered while walking, running, sprinting, and maximal speed) and tactical individual actions (passing with
dominant and non-dominant foot, and maximum passing speed), and Borg Scale CR10 to evaluate rating of perceived
exertion (RPE). On both opposition- and cooperation-based perspectives, significant differences were found on external
workload variables for all game formats, with smaller areas associated with more distances covered while walking and
larger areas with running and sprinting. Likewise, 4v3, 4v4 and 4v2þ 3 revealed significant differences for tactical
individual actions, where a larger area was associated with an increase in repetitions. Medium playing area, for both
perspectives, was associated with a higher RPE. Overall, larger playing areas with higher number of players involved
promoted more high-intensity running, while the same area with fewer number of players fostered tactical individual
actions. Smaller areas allowed to reduce game pace, especially in formats with fewer players. Different unbalance
scenarios under dissimilar playing area dimensions promote diverse performance outcomes on player’s action
capabilities.
Keywords
Constraints-led approach, global positioning system, rating of perceived exertion, small-sided games, soccer
Introduction
As part of the Constraint-Led Approach (CLA), sports
performance and the acquisition of skills emerge from
the interaction between the players, the task and the
environment.1 This approach advocates that the crea-
tion of learning environments, such as small-sided
games (SSGs), facilitates discovery, guiding the player
through a variety of possible movement solutions in the
search for an optimal response to ever-changing envi-
ronment.2 Thus, coaches can manipulate the training
environment using task constraints, which are specific
variables used to create specific contexts and stimulate
players’ behaviour for a given result, attracting them to
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an explicit action and expanding a range of informa-
tion sources.3,4
Manipulating the number of players on task is com-
monly one of the constraints used by coaches on a daily
basis.5 Accordingly, the coordination processes within
and between players and their action capabilities while
performing important dynamic interceptive actions and
order-disorder transitions can destabilize or (re)stabi-
lize the game, being related with the number of team-
mates and opponents on task.2 However, to date, most
of the studies have been focusing on game conditions
where both teams are in numerical equality, even
though soccer is often played in unbalanced numbers
per side, either momentary or permanently.6,7 Some of
the studies carried out on unbalanced scenarios have
reported that the variation of the players’ number has a
greater influence on the external load and RPE than on
the physiological responses; although the team in
numerical inferiority perceives the task as more intense
compared with the team in superiority, there are no
significant differences in the external load and physio-
logical responses.8 Likewise, Vilar, Araujo9 demon-
strated the importance of numerical advantage as a
key element in maintaining defensive stability and cre-
ating opportunities for success in the offensive phase.
Meanwhile, Sampaio, Lago10 suggested that playing
with a numerical disadvantage decreases the random-
ness of the players’ distances to the center of the team,
promoting more predictable behaviors.
Also, it was observed that the manipulation of play-
ing dimensions in balanced numerical relationships
constraints the intensity of the game, the actions of
the players and the energy pathways used.11 More spe-
cifically, large playing areas are associated with an
increase in the intensity of exercise12,13 and effective
playing space and surface coverage,14 while small play-
ing areas appear to foster technical development.15
When manipulating both number and playing area
dimension constraints concurrently, it was noted that
the total distance and the distance covered at higher
intensities, as well as maximum speed, acceleration
and deceleration increased with the addition of players
and a larger playing area (10v10> 7v7> 5v5); on the
contrary, the number of accelerations and decelera-
tions, as well as the total number of changes in speed,
were higher as the dimensions of the playing area and
the number of players decreased (5v5> 7v7> 10v10).16
However, to the best of our knowledge, no studies have
been conducted to analyse the effects of the playing
area manipulation on different unbalanced formats. It
remains unclear how players behave in different game
scenarios when confronting unbalanced number of
opponents or adapting to teammates behaviours in dif-
ferent playing areas.
Specially, it is important to understand the effects of
the aforementioned conditions on ball possession sce-
narios, as these drills are widely used by coaches to
develop combined game skills.17 In these tasks, the
generic objective is to keep ball possession without
any goal or goalkeeper involved and it can promote
an increase in exercise intensity and technical require-
ments, as players have to move faster to maintain ball
possession, as opposed to the use of goals where play-
ers adjust behaviours to score faster.15 Adopting the
constraint of maintaining ball possession, the offensive
processes were characterised by increasing the number
of passes and the number of players involved in the
actions.18 This task constraint elicits greater physical
and physiological responses on players, and varying
the number seems not to produce significant differences
on physiological responses, but reduces physical work-
load as the number decreases.19 Therefore, ball posses-
sion SSGs revealed to be more intense as players need
to constantly create passing lines or to block oppo-
nents, thereby increasing the number of moves.18
Hence, the aim of this study was to evaluate the
effects of the unbalanced number of players (4v3, 4v4
and 4v5) in ball possession SSGs on under-23 football
players’ performance, in three different playing areas
(small: 20x15m; medium: 2520m: and large:
3025m), under perspectives of opposition and coop-
eration. In opposition, it is expected that, as higher the
number of players involved in the task, the lower the
internal and external load.7 From a cooperation per-
spective, it is expected higher values of internal and
external workload for players in situations of numeri-
cal inferiority, especially in lower number formats.20
Also, for both perspectives, according to the theoretical
principles of ecological dynamics, larger playing areas
are expected to benefit players seeking to maintain ball
possession; from the players seeking to recover ball
possession, it is expected that they will have fewer
opportunities to intercept the ball in larger playing




Twenty under-23 university-level football players, play-
ing at a semi-professional level, participated in this
study (age 22.3 2.0 years, body mass: 71.4 7.0 kg,
height: 177.1 6.8 cm, years of experience: 12.1
3.7 years). All participants were part of the same team
and experienced three weekly 90-minute training ses-
sions, plus one game on weekends at a regional playing
standard in a regular turf football pitch. Players have
around 40weeks of training per sporting season and
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goalkeepers were not included in data collection. The
experimental protocol and investigation were approved
by the local Institutional Research Ethics Committee
and performed in accordance with the ethical standards
of the Helsinki Declaration. Written informed consent
procedure was undertaken with all participants, the
coach and the club before data collection, when it
was also informed the benefits and risks of the
investigation.
Procedures
Participants performed in a series of 4vX (4v3, 4v4 and
4v5) SSGs23,24 aiming at ball possession on different
playing area dimensions: small playing area (S:
20x15m), medium playing area (M: 2520m) and
large playing area (L: 3025m) on an artificial turf
pitch.25,26 Head coaches were present during data col-
lection and assigned players into balanced teams, as
result of their perception on players’ physical, techni-
cal, tactical and perceptual capabilities. In the
opposition-based perspective, variables were analysed
by fixing the same four players and comparing them
against 3 (Superiority; Sup, 4v3), 4 (Balanced, 4v4) and
5 (Inferiority; Inf, 4v5) players. In the cooperation-
based perspective, variables were analysed by compar-
ing performances from the same 2 players when count-
ing with 1 (Low; LowCoop, 4v2þ 1), 2 (Balanced,
4v2þ 2) and 3 (High; HighCoop, 4v2þ 3) team-
mates7,27 (Figure 1). The different SSGs (4v3, 4v4
and 4v6) were performed for 4 sets of 4minutes each,
with four minutes of active recovery between games (in
a total of sixteen minutes of intermittent exercise for
each SSG; 4 x 4minþ 4min recovery time).12 Three
training sessions were completed on 3 different days,
with each session being played on the same playing
area (day 1 on M; day 2 on S; and day 3 on L).
Additionally, each training session was performed in
the same day of the microcyle, with a week of differ-
ence. Before the beginning of each session, players
performed a general warm-up that included running
at various intensities, joint mobilization and stretching,
for 20-min duration. Due to the purpose of the exercise
(maintaining and recovering ball possession), no goal
or target was used, and a free-play game was adopted,
where players could use as many ball touches as
desired. The coach did not intervene during the SSG
with any type of feedback nor any kind of players’
encouragement was provided. If the ball went out of
play, other strategically placed balls allowed an imme-
diate restart from a pass.
Data collection
Data on the external workload variables were collected
through a Global Positioning System (GPS) included in
the ZEPP Play Soccer system (ZEPP Labs, San Jose,
United States), which uses 2 Micro Electromechanical
Systems (MEMS) sensors and Bluetooth 4.0 Low
Energy (LE) connectivity. Each player had a microchip
(each with 2 internal sensors: 3-Axis
Accelerometerþ 3-Axis Gyroscope) attached to each
of their gastrocnemius to record displacement
data.28,29 Later, Zepp’s computer software (version
1.6.0) was used to compute the values of total distance
covered (m), differentiated by walking ( 9 km/h), run-
ning (9-18 km/h) and sprinting (>18 km/h), number of
sprints (n), maximum sprint speed (km/h), number of
passing (ball contacts) with dominant and non-
dominant foot (n), and maximum passing speed (km/
h).30 The internal load was assessed using RPE through
the Borg’s CR10 Scale. It was presented to participants
after the end of each SSG bout to ensure that the per-
ceived effort was referred to that specific game.31 For
the tactical individual actions of passing, it was
counted when the force applied to the ball allowed it
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Figure 1. Small-sided games design.
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Statistical analysis
The statistical analysis was completed using The Jamovi
Project.32 A descriptive analysis was performed with the
values of Median, and Min and Max. A Shapiro-Wilk
test was used to assess the normal distribution of data.
Due to the existence of non-normal distribution of data,
the differences between playing areas were assessed
using a non-parametric test (Friedman test), combining
the different playing areas for each SSG format, with p
set at 0.05. Additionally, pairwise comparisons were
carried according with two scenarios: (i) opposition-
based perspective, where it was analysed the effects of
the playing area dimension when manipulating the
number of opponents for each game format; and (ii)
cooperation-based perspective, where it was analysed
the effects of the playing area dimension when changing
the number of teammates for each game format. All
differences were assessed via standardised differences
with pooled variance, derived from the mean and stan-
dard deviation of each variable. The magnitude thresh-
olds for effect size of mean differences (Cohen’s d) were
0.20, 0.60, 1.2, 2.0 and 4.0 for small, moderate, large,
very large and extremely large, respectively.33,34
Results
Opposition-based perspective
Table 1 shows descriptive analysis with Median and
Min – Max. Table 2 presents Friedman test results
with p set at <0.05 and Cohen’s d effect sizes.
On Sup format (4v3), large effects were found on
running (p< 0.01, –1.04) and RPE (p< 0.05, –0.604)
when comparing S vs M, and on RPE (p< 0.05, 0.664)
when comparingMvs L. A higher number of differences
with moderate and large effects were found on every
external workload variable (walking: p< 0.05, 0.487;
running: p< 0.001, –0.899; sprinting: p< 0.05, –0.745
and max speed: p< 0.01, –0.826), max passing speed
(p¼ 0.05, –0.319) and non-dominant foot passes
(p< 0.05, –0.490) when comparing S vs L playing areas.
On Balanced format (4v4), walking (p< 0.01, 0.787),
running (p< 0.05, –0.591), RPE (p< 0.05–0.893) and
max passing speed (p< 0.05, –0.400) revealed moderate
and large effects when comparing S vs M playing areas,
as well as RPE (p< 0.01, 0.866) and passing number
(p¼ 0.05, –0.373) when comparing M vs L playing
areas. Very large effects were found when comparing
S vs L playing areas, on walking and running (both
p< 0.001, 1.25 and –1.33, respectively), and moderate
effect on sprinting (p< 0.05, –0.533), and in every tac-
tical individual action variable (moderate and large
effects on max passing speed: p< 0.05, -0.436; passing
number: p< 0.01, -0.769; dominant foot: p< 0.05,
-0.702; and non-dominant foot: p< 0.05, -0.641). This
balanced number format showed a higher total number
of differences when comparing the different playing
areas.
For Inf format (4v5), a higher amount of differences
was found on the external and internal loads, while no
differences were noticed on tactical individual actions.
On 4v5, large effects were found on running (p¼ 0.001,
–0.702) and RPE (p< 0.01, –1.03) when comparing S vs
M; all external workload variables showed differences
(moderate and large reduction effects, with exception
of walking) when comparing S vs L (all p¼<.001) and
M vs L (all p< 0.01 or 0.001), while RPE (p< 0.01,
0.664) differed in M vs L.
Cooperation-based perspective
Table 1 shows descriptive analysis with Median and
Min – Max. Table 2 presents Friedman test results
with p set at <0.05 and Cohen’s d effect sizes.
In the LowCoop format (4v2þ 1), large effects were
found on running (p< 0.05, -0.826), sprinting (p< 0.05,
-0.833) and max speed (p< 0.05, –0.870) when compar-
ing S vs L, and large and moderate effects on walking
(p< 0.01, 0.753) and running (p< 0.05, –0.445) when
comparing M vs L playing areas. No significant differ-
ences were found on RPE. Likewise, no differences
were found for tactical individual actions.
In the 4v4, large effects were found on RPE
(p< 0.01, –0.828) when comparing S vs M; on sprinting
(p¼ 0.001, –0.820), max speed (p¼ 0.01, –0.632) and
RPE (p< 0.01, –0.796) when comparing S vs L, and
moderate effects on sprinting (p< 0.05, –0.536) when
comparing M vs L playing areas.
The HighCoop (4v2þ 3) was the format that
revealed more effects between playing areas.
Moderate effects were found on running (p< 0.01,
-0.362) and max passing speed (p< 0.01, –0.563)
when comparing S vs M. Large effects on sprinting
(p¼ 0.001, –0.934) and max speed (p< 0.01, –0.757)
were noted when comparing M vs L playing areas.
All external workload variables (moderate and large
reductions as detected by effect sizes, with exception
of walking) revealed differences when comparing S vs
L playing areas (all <0.05, <0.01 and <0.001), as well
as max passing speed (p¼ 0.001, –0.857) and number of
passes (p< 0.01, –0.331).
Discussion
The aim of this study was to evaluate the effects of the
playing area dimensions (small, medium and large)
during unbalanced number ball possession SSGs (4v3,
4v4 and 4v5), in opposition- and cooperation-based
perspective game conditions, on under-23 football














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































players’ performance. Most of the differences were
observed in larger areas (M and L playing areas),
with higher number of players involved (4v4 and 4v5
formats). Specifically, from an opposition perspective,
Balanced formats (4v4) and L playing areas promoted
more intensive running and tactical individual actions.
From a cooperation perspective, larger areas with
higher level of cooperation (4v2þ 3) allowed more tac-
tical individual actions, while a lower level of coopera-
tion (4v2þ 1) demanded higher intensity running. For
both perspectives, M playing areas promoted a higher
RPE while S playing areas allowed more walking and
lower game intensity.
Opposition-based perspective
From an opposition-based perspective, as higher the
number of players involved in the task, as more signif-
icant differences found in terms of external load. It is at
odds of the results of Torres-Ronda, Gonçalves,7 who
showed that higher number of players involved in the
task led to lower internal and external load. These dif-
ferences may result from the dissimilar rules adopted,
as in the mentioned study the authors have used goals,
which may constrain the team in inferiority to stay
compact to protect the goal, contributing to a lower
physical demand. However, in this study, the main
aim was to maintain ball possession, which may have
triggered the players to move faster to recover the ball,
and to block possible passing lines despite their numer-
ical inferiority.
In terms of space manipulation, it is well reported
that playing area dimensions influence the intensity of
the game, the actions of the players and the energy
systems used,11 with large playing areas associated
with an increase in the intensity of exercise.12,13
However, most of the studies analysed the playing
area dimension under balanced formats and using
goals. Considering the increasing popularity of ball
possession tasks in soccer, it is important to understand
how different playing area dimensions and superiority/
inferiority relations impacts the players’ behaviours to
better assist coaches to design sessions. From this per-
spective, the results showed an increase in the distance
covered at higher speeds during the larger formats,
which is linked with the higher available space for the
players to perform.22 Accordingly, in smaller spaces,
players are more likely to play close to each other to
provide fast and short passing lines. Meanwhile, in
larger playing area dimensions, players in possession
are more likely to move to free spaces to provide
safer passing lines (i.e., further away from the oppo-
nents), contributing to an increase in the distance cov-
ered at higher speeds.35 Furthermore, this increase in
the physical demands was more evident when playing
against a higher number of opponents (Inf, 4v5).
Accordingly, when facing a higher number of oppo-
nents, mainly under inferiority situations, it is likely
that the team stay less time in possession and more
time attempting to press the opponents and recover
the ball, contributing to a higher physical demand. In
fact, the results from the tactical individual actions
seem to support this evidence, as there were less ball
contacts when facing a higher number of opponents.
Therefore, playing in Inf and in larger playing areas
may have constrained the players to develop a team
auto-organisation as a compact unit, promoting more
intensive movements to recover ball possession, and
consequently, spending more energy while trying to
keep ball possession.27,36
The aforementioned results suggest that coaching
staff seeking to improve endurance of the players
might adopt L playing areas using 4v4 and 4v5 formats
due to the greater running distance covered when com-
pared to smaller playing areas. This likely promotes
higher physiological stimulation of the aerobic fit-
ness.37 In fact, training time at high intensity is signif-
icantly correlated with speed improvement at the
lactate threshold speeds (r¼ 0.84 [2mM] and 0.65
[4mM]) in elite football players.38 In addition, the
4v5 in L playing area leads to higher sprinting and
Max speed than S and M, and this can be meaningful
to develop anaerobic capacity and speed characteris-
tics, which are often overlooked while designing
SSG.39 The higher intensities in 4v5 in comparison to
4v4 and 4v3 could be achieved without increasing the
corresponding RPE, and this can be relevant to stress
the high-speed related abilities without increasing the
internal load of the session.
In regard to tactical individual actions, it was also
revealed interesting results when manipulating the
number of opponents. For instance, a higher number
of passing actions were found in Sup (4v3) and
Balanced (4v4) formats in M and L playing areas, com-
pared to S. That is, when playing against a lower
number of opponents, players seem to be able to iden-
tify available passing lines without the need to explore
all the playing area surface, as a result of having one
more player than the opposing team. In turn, when
more opponents are added to the task (Balanced,
4v4), players seem to need to explore more their move-
ments in the available playing area as an emergent
behaviour to find free space and receive the ball. In
fact, larger playing areas benefit teams to keep ball
possession, due to more available space to perform tac-
tical individual actions without pressing from oppo-
nents.21,22 These results highlight the playing area as
a key constraint to be considered when designing ball
possession drills for tactical individual development.
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Cooperation-based perspective
Ball possession SSGs induce an increase in the intensity
of the exercise and the number of tactical individual
actions, as players need to constantly create passing
lines or block opponents, thereby increasing the
number of movements.18 However, the task physical
demands and individual actions seem to be constrained
by the number of teammates and the playing area
dimension. Accordingly, higher physical demands
were identified when performing in larger playing
areas, especially, in formats of lower cooperation
(4v2þ 1). Under such scenarios, players may have
fewer opportunities to maintain ball possession due
to a higher pressure from the opponents, which seems
to be confirmed by the lower individual participation in
these conditions. As consequence, players may have
spent most of the time on task attempting to recover
the ball, contributing to an increase of the physical
demands, and consequently decrease of the tactical
individual actions. In contrast, increasing the number
of teammates (4v2þ 3) decreased the physical
demands, as less intense running may be required.
In fact, when playing with a numerical advantage
and in larger areas, players are less restricted and can
decide to recover the ball quickly by pressing the oppo-
nent as one of the extra players can perform the bal-
ance or the covering tasks.3 Bekris, Sambanis40 and
Praça, Bredt41 equally revealed that the use of superi-
ority in SSGs allows players to spend less time at higher
intensities compared to balanced formats, indicating a
reduction in physical effort. This higher level of coop-
eration may be able to promote easier team organisa-
tion by a better understanding of each individual role,
and less exploratory solutions, decreasing the physical
demands.27,36 Based on these results, using larger areas
with a lower level of cooperation (4v2þ 1) may be used
to increase intensity of the task and develop the aerobic
and anaerobic systems and recovery abilities.37 In con-
trast, the same area with higher level of cooperation
(4v2þ 3) can be used to reduce pace during periods
in which lower, but still demanding, training intensity
is desired. Of note, it was previously showed that SSGs
with a higher level of cooperation require players to
perceive and adapt their behaviour to the context and
area of play, decreasing the perceptual and physical
demands compared to balanced SSGs.41
Also, a max passing speed was promoted on the L
playing area, demonstrating the importance of larger
playing areas to develop speed of play, especially if the
goal is to stress the transitions. Players seem to show a
more exploratory behavior when playing in ball pos-
session at a numerical disadvantage and in smaller
playing areas, a situation that seems to force players
to vary more their game. A numerical advantage with
larger playing areas seem to produce a less exploratory
and less varied game, allowing players to perform
quickly passing actions. These easier game situations
in larger areas can promote more regular and less
varied plays, but with quicker passes, while more diffi-
cult scenarios force players to explore the varieties of
tactical-technical actions they can perform.36 Larger
playing areas with a lower level of opposition may
then constrain players to develop faster ball circulation
and it can be used to strengthen offensive and defensive
transitions.
Future research
Surprisingly, RPE scores do not follow the results of
the external load variables and, for both opposition-
and cooperation-based perspectives, M playing area
promoted a higher perceived exertion for all game for-
mats analysed. Although Casamichana, Castellano42
found significant correlations between RPE and most
of the external indicators studied, no research has
focused on unbalanced formats in ball possession
games. More research is then needed to understand
the relation of the external workload with the internal
load of perceptions during the practice of ball posses-
sion unbalanced football games and its relationship
with playing area dimension.
Also, this investigation was only focused on ball-
possession games; more research is needed to under-
stand the effects of the playing area dimension while
playing different unbalance SSGs with the use of reg-
ular goals and goalkeeper, and with mini-goals. As a
limitation to this investigation, participants from this
study knew the time and number of bouts of each SSG,
so some behaviours may have been adopted in relation
to the remaining time or number of bouts, like delaying
or pressing to save energy. Future research would ben-
efit from studying the individual and team behaviours
in ball possession tasks without knowing the available
time for each format. Another noteworthy investiga-
tion would be to analyse the effects of the playing
area dimension during the practice of ball possession
unbalanced SSGs for different age-group football play-
ers. The results from this study may benefit academy
coaches to plan development programs according to
individuals’ age specific needs.
Overall, different playing area dimensions affect
player’s and team’s performance while practicing
unbalance football SSGs. To optimise players’ techni-
cal and tactical skills, coaches are then challenged to
design training sessions with representative learning
tasks, such as unbalanced SSGs. In addition, it is nec-
essary to adapt the complexity of the task to the play-
ers’ skill level to maximise their perceptual, visual and
attention skills.43
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Conclusion
From a practical point of view, and through an
opposition-based perspective, Balanced formats (4v4)
promote more individual and team variability, while
SSGs in larger playing areas against more opponents
(4v5) encourage the use of intense running. From a
cooperation-based perspective, larger playing areas
and a higher level of cooperation (4v2þ 3) may foster
technical development, and larger playing areas with a
low level of cooperation (4v2þ 1) promote the devel-
opment of high-intensity running. Alongside, S playing
area, especially in formats of lower number, allow play-
ers to walk more distances and decrease the pace of the
game.
Summarising, larger playing areas and formats with
players in inferiority may be used to increase intensity
of the exercise and to promote the development of tac-
tical individual actions of passing, and it can be imple-
mented to develop offensive and defensive transitions,
as it allows improving ball circulation speed. These
formats may be utilised two days before the match,
to develop speed and max passing speed. On the
other hand, formats with teams in superiority and in
smaller playing areas can be used in recovery sessions,
and to develop offensive and defensive organisation,
under pressure. These last formats may be practiced
in the first two days after the official match to allow
an active recovery under real game scenarios, and to
develop specific football strength and muscular endur-
ance to substitute players.
Based on the results from this study, coaches should
carefully consider the number of opponents/teammates
and the playing area dimension when designing ses-
sions during the weekly microcycle, as it greatly affects
the players’ physical workload and tactical individual
actions.
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